Coupling Traffic, Pollutant Emission, Air and Water Quality Models: Technical Review and Perspectives  by Fallahshorshani, Masoud et al.
 Procedia - Social and Behavioral Sciences  48 ( 2012 )  1794 – 1804 
1877-0428 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the Transport Research 
Arena 2012  
doi: 10.1016/j.sbspro.2012.06.1154 
7UDQVSRUW5HVHDUFK$UHQD±(XURSH
&RXSOLQJWUDIILFSROOXWDQWHPLVVLRQDLUDQGZDWHUTXDOLW\
PRGHOV7HFKQLFDOUHYLHZDQGSHUVSHFWLYHV
0DVRXG)DOODKVKRUVKDQLDEF0LFKHO$QGUpD&pOLQH%RQKRPPHE&KULVWLDQ6HLJQHXUF
D/7(-RLQW/DERUDWRU\,)677$5DYHQXH)UDQFRLV0LWWHUDQG%URQ)UDQFH
E/((68eFROHGHV3RQWV3DULV7HFK8QLYHUVLWp3DULV(VWDYHQXH%3DVFDO&KDPSVVXU0DUQH)UDQFH
F&(5($eFROHGHV3RQWV3DULV7HFK(')5	'8QLYHUVLWp3DULV(VWDYHQXH%3DVFDO&KDPSVVXU0DUQH)UDQFH

$EVWUDFW
0RGHOVIRUVLPXODWLQJDLUTXDOLW\GXHWRYHKLFOHVDQGWKHLUHIIHFWRQUXQRIITXDOLW\LQDQXUEDQHQYLURQPHQWDQGWKHLU
FRXSOLQJ DUH H[DPLQHG ,Q RUGHU WR DFKLHYH WKLV DLP WKH VHOHFWLRQ RI PRGHOV WUDIILF HPLVVLRQ DWPRVSKHULF
GLVSHUVLRQVWRUPZDWHUPXVWEHFDUHIXOO\PDGHDFFRUGLQJWRWKHVSHFLDOUHTXLUHPHQWVDQGOHYHORIGHWDLOVQHHGHGIRU
WKHLQWHJUDWHGV\VWHP7KHUHIRUHDYDULHW\RIWKHVHPRGHOVDUHUHYLHZHG$OWKRXJKDIDLUDPRXQWRIUHVHDUFKKDVEHHQ
FRQGXFWHGLQWKHSDVWWROLQNDLUSROOXWLRQDQGURDGWUDIILFPDQ\TXHVWLRQVUHODWHGWRVSDWLRWHPSRUDOVFDOHVGRPDLQV
RIYDOLGLW\FRQVLVWHQF\DPRQJPRGHOVDQG LQWHUIDFHVEHWZHHQPRGHOV UHPDLQRSHQ)XUWKHUPRUH WKH OLQNEHWZHHQ
WUDIILFHPLVVLRQVDWPRVSKHULFGHSRVLWLRQDQGWKHFRQWDPLQDWLRQRIZDWHUUXQRIILQXUEDQDUHDVKDVQRWEHHQWUHDWHG
\HW LQ D FRPSUHKHQVLYHPDQQHU7KH DLPRI WKLV VWXG\ LV WR UHYLHZ WKH FXUUHQW VWDWXVRI WKH UHODWLRQVKLSVEHWZHHQ
WUDIILFHPLVVLRQVDQGDLUDQGZDWHUTXDOLW\PRGHOVWRUHFRPPHQGDQLQWHJUDWHGPRGHOOLQJDSSURDFKDQGWRSURSRVH
VRPHGLUHFWLRQVIRUDGYDQFLQJWKHVWDWHRIWKHDUW

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGV,QWHJUDWHGPRGHOLQJ7UDIILF(PLVVVLRQ$LUSROOXWLRQZDWHUSROOXWLRQ
,QWURGXFWLRQ
,WLVHVWLPDWHGWKDWLQWKH\HDUPRUHWKDQSHUFHQWRIWKHZRUOG¶VSRSXODWLRQZLOOOLYHLQXUEDQ
DUHDV 7UDIILF LV DPDMRU VRXUFH RI SROOXWLRQ LQ FLWLHV 7KXV WKH JURZLQJ DPRXQW RI YHKLFOHV LQFUHDVHV
FRQJHVWLRQ DQG FRQWULEXWHV WR WKH GHWHULRUDWLRQ RI DLU =PLURX HW DO  DQG VWRUPZDWHU TXDOLW\
2EURSWDHWDO7KHPRGHOOLQJRIDLUSROOXWLRQGXH WRYHKLFOHVDQGRIWKHIDWHRIFRQWDPLQDQWVLV
WKHUHIRUH HVVHQWLDO WR SUHGLFW RSWLPDO WUDIILF VWUDWHJLHV 3ROOXWDQW IDWH DQG WUDQVSRUW GHSHQGV RQ PDQ\

&RUUHVSRQGLQJDXWKRU
(PDLODGGUHVVPDVRXGIDOODK#LIVWWDUIU
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the 
Transport Research Arena 2012 Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1795 Masoud Fallahshorshani et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1794 – 1804 
IDFWRUVWUDIILFTXDQWLW\DQGW\SHVRISROOXWLRQDQGZHDWKHUFRQGLWLRQV7RGD\WUDIILFPRGHOVFDQSUHGLFW
WKHSRVLWLRQDQGNLQHPDWLFSDUDPHWHUVRI WKHYHKLFOHVDQGHPLVVLRQPRGHOVFDQHVWLPDWH WKHDPRXQWRI
GLIIHUHQW W\SHV RI SROOXWLRQ HPLWWHG E\ YHKLFOHV DOEHLW ZLWK VRPH XQFHUWDLQW\ 7KHQ WKH GLVSHUVLRQ RI
SROOXWDQWVLQWKHDWPRVSKHUHFDQEHHYDOXDWHGXVLQJDWPRVSKHULFGLVSHUVLRQPRGHOV$IUDFWLRQRIWKHDLU
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 KRZHYHU OLWWOH ZRUN KDV EHHQ GRQH WR GHYHORS
LQWHJUDWHG PRGHOOLQJ V\VWHPV WKDW FDQ VLPXODWH WKH LPSDFW RI WUDIILF RQ ERWK WKH DLU DQG ZDWHU
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LPSDFWRIYHKLFXODUPRYHPHQW7KHVHPRGHOVXVHDQH[SOLFLWUHSUHVHQWDWLRQRIFRQJHVWLRQDQGRSHUDWHRQ
DVPDOOHUVFDOHWKDQWKHVWDWLFPRGHOV7KH\FDQGHILQHWKHSRVLWLRQVDQGNLQHPDWLFSDUDPHWHUVRIYHKLFOHV
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LLL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 FDQ NHHS DQ H[SOLFLW UHSUHVHQWDWLRQ RI FRQJHVWLRQ E\
GHVFULELQJ WKH WHPSRUDO HYROXWLRQ RI WUDIILF VWDWHV RI D VLPSOLILHG QHWZRUN 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WRGLIIHUHQWDVSHFWVRI WUDIILF IORZRSHUDWLRQV7KHPDFURVFRSLFPRGHOVXVHDQDJJUHJDWHUHSUHVHQWDWLRQ
DQGFRQWLQXRXV WUDIILF IORZZKLFKDUHFKDUDFWHUL]HGE\YDULDEOHV VXFKDV WUDIILF IORZRUFRQFHQWUDWLRQ
7KHPLFURVFRSLFPRGHOV FRQVLGHU WKH WLPHVSDFH EHKDYLRU RI LQGLYLGXDO GULYHUV XQGHU WKH LQIOXHQFH RI
YHKLFOHVLQWKHLUSUR[LPLW\7KHVHPRGHOVDUHFKDUDFWHUL]HGE\SRVLWLRQVSHHGDQGDFFHOHUDWLRQ7KHILQDO
FODVV LVPHVRVFRSLFPRGHOV WKDW UHSUHVHQW WKHEHKDYLRURIGULYHUVZLWKRXWH[SOLFLWO\GLVWLQJXLVKLQJ WKHLU
WLPHVSDFHEHKDYLRUVXFKDVWKHDQDO\VLVRIVHYHUDOYHKLFOHVWRJHWKHU0DFURVFRSLFG\QDPLFPRGHOLQJLV
EDVHGRQWKHFROOHFWLYHEHKDYLRURIYHKLFOHVWKHUHIRUHYHKLFOHVDUHQRWIROORZHGLQGLYLGXDOO\7KHSRLQW
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RIYLHZLVUDWKHUWKDWRIDFRQWLQXXP7KH(XOHUDQG1DYLHU6WRNHVHTXDWLRQRIIOXLGG\QDPLFVGHVFULELQJ
WKHIORZRIIOXLGVFRXOGDOVRGHVFULEHWKHPRWLRQRIFDUVDORQJDURDG7KHWKUHHPDLQYDULDEOHVRIWUDIILF
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:KLWKDP DQG 5LFKDUGV /:5 7KLV V\VWHPPXVW EH VXSSOHPHQWHG E\ DQ LQGHSHQGHQW WKLUG HTXDWLRQ
IXQGDPHQWDO GLDJUDP RI WUDIILF IORZ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FRQVHUYDWLRQHTXDWLRQVXSSOHPHQWHGE\VXLWDEOHFORVXUHUHODWLRQVZKLFKUHSUHVHQWHTXLOLEULXPVWDWHVILUVW
RUGHU 7KH VHFRQG FODVV $=5 XVHV D FRXSOHG V\VWHP RI PDVV FRQVHUYDWLRQ DQG PRPHQWXP EDODQFH
HTXDWLRQVWKDWSUHVHQWHTXLOLEULXPVWDWHVUHOD[DWLRQIORZYHORFLW\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7KH PDLQ SDUDPHWHUV IRU LPSOHPHQWDWLRQ RI PDFURVFRSLF PRGHOV LQFOXGH IXQGDPHQWDO GLDJUDP
PDWULFHVRULJLQGHVWLQDWLRQDQGWKHRSHUDWLRQRIFRQWUROGHYLFHV7KHVLPXODWLRQRXWSXWVDUHPDLQO\WUDIILF
GHQVLW\LQHDFKPHVKVSDWLDOGLVFUHWL]DWLRQRYHUWLPHDVZHOODVWKHIORZVREVHUYHGRQWKHERXQGDU\RI
FHOOV
7UDIILFPLFURVFRSLFPRGHOVFRQVLGHU LQGLYLGXDOYHKLFOH LQWHUDFWLRQVZLWKRWKHUYHKLFOHV DQG WKH URDG
QHWZRUN7KHUHDUHWZRPDLQFODVVHVRIPLFURVFRSLFPRGHOVWKHPLFURVFRSLFPRGHOZLWKPDFURVFRSLF
ODZ ZKLFK LQ IDFW FRUUHVSRQGV WR D /DJUDQJLDQ UHSUHVHQWDWLRQ RI PDFURVFRSLF PRGHOV DQG  WKH
PLFURVFRSLFPRGHOVWKDWDUHEXLOWXSXVLQJVXEPRGHOVFRQWUROOLQJVSHFLILFWDVNVLQWKHVLPXODWLRQSURFHVV
7KHFDUIROORZLQJPRGHOLVRQHRIWKHPRVWLPSRUWDQWVXEPRGHOVXVHGLQDOOSURJUDPV$FDUIROORZLQJ
PRGHO FRQWUROV WKH GULYHU¶V EHKDYLRU ZLWK
UHVSHFW WR WKH LQWHUDFWLRQV EHWZHHQ WZR
VXFFHVVLYH YHKLFOHV  7KHVH PLFURVFRSLF
PRGHOV FDOFXODWH LQVWDQWDQHRXVO\ WKH
SRVLWLRQ WKH VSHHG DQG WKH DFFHOHUDWLRQ RI
WKH YHKLFOHV7KH PHVRVFRSLF PRGHOV DUH
LQWHUPHGLDWH EHWZHHQ WKH PDFURVFRSLF
DSSURDFK DQG WKH PLFURVFRSLF DSSURDFK
7KHREMHFWLYHLVWRGHVFULEHWKHWUDIILFJLYHQ
E\ DJJUHJDWH ODZV )RU H[DPSOH WDNH
JURXSLQJ YHKLFOHV LQ SDFNDJH ZKLFK PRYH
LQ FRPPRQ LQVLGH WKH QHWZRUN
&2175$0/HRQDUGHWDO
(PLVVLRQPRGHOV   
7KHUHYLHZRIH[LVWLQJPRGHOVDQGPHWKRGVSURYLGHVHYLGHQFHWKDWWKHUHLVDODUJHYDULHW\RIDYDLODEOH
WRROV WR FDOFXODWH HPLVVLRQ IDFWRUV DQG WR GHYHORS URDG WUDQVSRUW HPLVVLRQ LQYHQWRULHV (PLVVLRQV IURP
WUDIILF DUH HVWLPDWHG E\ PXOWLSOLFDWLRQ RI HPLVVLRQ IDFWRUV ZLWK DSSURSULDWH DFWLYLW\ GDWD IRU GLIIHUHQW
YHKLFOH FODVVHV ,Q WKLV SDUW HPLVVLRQPRGHOV DUH SUHVHQWHG WRSURYLGH LQIRUPDWLRQ IRU WKH VHOHFWLRQ RI
PRGHO IRU RXU REMHFWLYH 7KH XVXDO DSSURDFKHV WR HVWLPDWLQJ WKH YHKLFOH SROOXWDQWV HPLVVLRQV FDQ EH
FODVVLILHGDFFRUGLQJWRWKHLQSXWGDWDWKHVFDOHRIWKHVWXG\DQGWKHW\SHRISROOXWDQWVEHLQJFRQVLGHUHG
x 0RGHOVUHO\LQJRQIXHOTXDQWLWLHV
0RGHOV VXFK DV $*2  DQG ,3&&  XVH IXHO FRQVXPSWLRQ GDWD LH IXHO VDOH GDWD DQG
FDWHJRULHVRIYHKLFOHV6XFKPRGHOVFDQRQO\EHXVHGIRUODUJHVFDOHHJQDWLRQDOLQYHQWRULHV
x 0RGHOVUHO\LQJRQDYHUDJHWUDIILFYROXPHVSHUGHWDLOHGFDWHJRULHVRIYHKLFOHV
7KHVHPRGHOV VXFKDV1$(,XVHD VLQJOHHPLVVLRQ IDFWRU WR UHSUHVHQWDSDUWLFXODU W\SHRIYHKLFOHDQG
GULYLQJ F\FOH 7KH HPLVVLRQ IDFWRUV DUH FDOFXODWHG DV PHDQ YDOXHV RI PHDVXUHPHQWV RQ D QXPEHU RI
YHKLFOHVRYHUJLYHQGULYLQJF\FOHV DQGDUHXVXDOO\ VWDWHG LQ WHUPVRI WKHPDVVRISROOXWDQWHPLWWHGSHU
YHKLFOHGLVWDQFHRUIXHO7KHVHIDFWRUVDUHRIPRVWXVHLQQDWLRQDODQGUHJLRQDOHPLVVLRQLQYHQWRULHV
7DEOH7UDIILFPRGHOV
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x 0RGHOVUHO\LQJRQDYHUDJHVSHHGRIWKHWUDIILF
7KHVHPRGHOVHJ&23(5702%,/((0)$&'05%SUHGLFWDYHUDJHHPLVVLRQIDFWRUVIRUDYHKLFOH
FODVVWKDWLVGULYHQRYHUDQXPEHURIGLIIHUHQWGULYLQJSDWWHUQVZKLFKDUHDIXQFWLRQRIWKHPHDQWUDYHOOLQJ
VSHHG 7KH WRWDO HPLVVLRQV FDQ EH FDOFXODWHG E\ WKH VXP RI WKH H[KDXVW HPLVVLRQV KRW DQG FROG
HYDSRUDWLYH HPLVVLRQV DQG IRU VRPH PRGHOV HJ &23(57 HPLVVLRQV GXH WR URDG YHKLFOH WLUHV DQG
EUDNHVDVZHOODVURDGZHDUUHVXOWLQJIURPWKHYHKLFOHV¶PRWLRQ7KHUHVXOWVRIWKHVHPRGHOVPD\QRWEH
YHU\SUHFLVHQHYHUWKHOHVVWKH\FRYHUWKHPDMRUHPLVVLRQSURFHVVHVDQGPRVWSROOXWDQWVRILQWHUHVW
x 0RGHOVLPSO\LQJGHWDLOHGGHVFULSWLRQRIWUDIILFVLWXDWLRQ
7KHVHPRGHOV HJ+%()$$57(0,6 XVH GLVFUHWH HPLVVLRQ IDFWRUV IRU SUHGHILQHG WUDIILF VLWXDWLRQV
HJVWRSDQGJRVDWXUDWHGKHDY\IUHHIORZ7KH\DOORZWKHHVWLPDWLRQRISROOXWDQWVHPLWWHGE\WKHKRW
DQGFROGH[KDXVWHPLVVLRQVDVZHOODVIXHOHYDSRUDWLRQ7KHPHWKRGRORJLHVZHUHDOVRGHYHORSHGIRUVPDOO
VFDOHVVXFKDVIRUDVLQJOHVWUHHW$QGUpHWDO7UDIILFVLWXDWLRQPRGHOVUHTXLUHYHKLFOHNLORPHWHU
WUDYHOOHG 9.7 GDWD SHU GULYLQJ VLWXDWLRQ DV LQSXWZKLFK FDQ EH DFTXLUHG IURP WUDIILFPRGHOV 7KHVH
PRGHOVSURYLGHHPLVVLRQVIRUDODUJHQXPEHURIGLIIHUHQWUHJXODWHGDQGQRQUHJXODWHGSROOXWDQWV
x 0RGHOVSURYLGLQJWKHHPLVVLRQVIURPWUDIILFUHODWHGYDULDEOH
(PLVVLRQIDFWRUVREWDLQHGIURPWUDIILFYDULDEOHPRGHOVHJ7((0DW]RURVDUHGHILQHGE\WUDIILFIORZ
YDULDEOHV VXFK DV DYHUDJH VSHHG WUDIILF GHQVLW\ TXHXH OHQJWK DQG VLJQDO VHWWLQJV ,Q IDFW WKH\ XVH D
FRUUHFWLRQRIWKHDYHUDJHVSHHGWRDVVXPHWKHHIIHFWVRIWKHWUDIILFRQWRSROOXWDQWHPLVVLRQV6PLW
x 0RGHOVUHSUHVHQWLQJDGHWDLOHGGHVFULSWLRQRIWKHVSHHGVH[SHULHQFHG
7KHVH HPLVVLRQ PRGHOV HJ0(685(9(56,7 DUH EDVHG RQ WHVWV RQ D ODUJH QXPEHU RI YHKLFOHV
DFFRUGLQJWRYDULRXVGULYLQJF\FOHV:LWKLQWKHPRGHOHDFKGULYLQJF\FOHXVHGLVFKDUDFWHUL]HGE\DODUJH
QXPEHURIGHVFULSWLYHSDUDPHWHUVHJDYHUDJHVSHHGQXPEHURIVWRSVSHUNPNLQHPDWLFVRIYHKLFOHV
)RUHDFKSROOXWDQWDQGYHKLFOHFDWHJRU\DUHJUHVVLRQPRGHOLVILWWHGWRWKHDYHUDJHHPLVVLRQYDOXHVRYHU
WKHGLIIHUHQWGULYLQJF\FOHV7KHVHPRGHOVUHTXLUHGHWDLOHGLQIRUPDWLRQRQWKHPRYHPHQWRIWKHYHKLFOHV
LQVWDQWDQHRXVVSHHGDFFHOHUDWLRQZKLFKFDQEHREWDLQHGIURPPRGHOVRIPLFURVFRSLFWUDIILF
x 0RGHOUHO\LQJRQFKURQRORJ\VSHHGLQVWDQWDQHRXVPRGHOV
7KHVH PRGHOV HJ 3+(0 02'(0 &0(0 9(7(66 UHSUHVHQW H[SOLFLWO\ WKH YHKLFOH HPLVVLRQ
EHKDYLRU E\ UHODWLQJ HPLVVLRQ UDWHV WR YHKLFOH RSHUDWLRQ GXULQJ D VHULHV RI VKRUW WLPH VWHSV ,Q VRPH
PRGHOVYHKLFOHRSHUDWLRQ LVGHILQHG LQ WHUPVRIDUHODWLYHO\ VPDOOQXPEHURIPRGHVLGOHDFFHOHUDWLRQ
GHFHOHUDWLRQ DQG FUXLVH )RU HDFK RI WKH PRGHV WKH HPLVVLRQ UDWH IRU D JLYHQ YHKLFOH FDWHJRU\ DQG
SROOXWDQWLVIL[HGDQGWKHWRWDOHPLVVLRQUDWHLVFDOFXODWHGE\ZHLJKWLQJHDFKPRGHOHPLVVLRQUDWHE\WKH
WLPHVSHQWLQHDFKPRGH6RPHLQVWDQWDQHRXVPRGHOVUHODWHYHKLFOHHQJLQHSRZHUVSHHGDQGDFFHOHUDWLRQ
GXULQJDGULYLQJF\FOH7KHPRGHOHVWLPDWHVWKHKRWUXQQLQJHPLVVLRQ7KLVW\SHRIPRGHOFDQEHFRXSOHG
ZLWKWKHG\QDPLFWUDIILFPRGHOVZKLFKHVWLPDWHWKHNLQHPDWLFVRIYHKLFOHVW\SLFDOO\VHFRQGWLPHVWHS
$LUTXDOLW\PRGHOV
$LUTXDOLW\PRGHOVFDOFXODWHSROOXWDQWFRQFHQWUDWLRQVDWYDULRXVORFDWLRQVDQGWLPHVXVLQJPDWKHPDWLFDO
HTXDWLRQV GHVFULELQJ WKH DWPRVSKHULF WUDQVSRUW FKHPLFDO DQG SK\VLFDO WUDQVIRUPDWLRQ SURFHVVHV 7KH
GLIIHUHQWDSSURDFKHVDYDLODEOHGLIIHULQWHUPVRILQSXWVDQGOHYHOVRIUHVROXWLRQRIWKHUHVXOWV
x %R[PRGHOV
%R[PRGHOV DUH GHILQHG E\ FRQVLGHULQJ WKDW WKH FRQFHQWUDWLRQV DUH KRPRJHQHRXVZLWKLQ WKHPRGHOLQJ
GRPDLQLHWKHER[3ROOXWDQWVDUHHPLWWHGXQGHUJRFKHPLFDODQGSK\VLFDOSURFHVVHVDQGDUHDGYHFWHG
LQDQGRXWRIWKHER[7KHVHPRGHOVDUHQRWXVHGDQ\PRUHRSHUDWLRQDOO\DOWKRXJKWKH\DUHVWLOOXVHGWR
LQYHVWLJDWHVSHFLILFSURFHVVHVXQGHUFRQWUROOHGFRQGLWLRQVHJH[SHULPHQWDOVPRJFKDPEHU
x *DXVVLDQGLVSHUVLRQPRGHOV
*DXVVLDQGLVSHUVLRQPRGHOVDUHEDVHGRQWKHDVVXPSWLRQWKDWDWPRVSKHULFGLVSHUVLRQOHDGVWRD*DXVVLDQ
GLVWULEXWLRQRIWKHFRQFHQWUDWLRQVRIWKHHPLWWHGSROOXWDQWLQWKHYHUWLFDODQGKRUL]RQWDOGLUHFWLRQV,QWKH
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FDVHRIVWHDG\VWDWHDWPRVSKHULFFRQGLWLRQV WKH LPSDFWRIDVRXUFH LV UHSUHVHQWHGE\D*DXVVLDQSOXPH
PRGHO ,Q WKH FDVH ZKHUH DWPRVSKHULF FRQGLWLRQV DUH YDULDEOH RQH PD\ UHSUHVHQW WKH DWPRVSKHULF
GLVSHUVLRQSURFHVVE\ UHOHDVLQJGLVWLQFWSXIIV IURP WKH VRXUFHDW VXFFHVVLYH LQWHUYDOVRI WLPH*DXVVLDQ
SXIIPRGHOVSUHVHQWWKHDGYDQWDJHRYHU*DXVVLDQSOXPHPRGHOVWKDW WKH\DUHQRWOLPLWHGWRVWHDG\VWDWH
FRQGLWLRQV HJ FRQVWDQW ZLQG GLUHFWLRQV +\EULG PRGHOV ZKLFK XVH D FRPELQDWLRQ RI WKH *DXVVLDQ
SOXPHDQGSXIIPRGHOVFDQSURYLGHEHWWHUHVWLPDWHVRIFRQFHQWUDWLRQVXQGHUORZZLQGVSHHGFRQGLWLRQV
7KRPVRQHWDO*DXVVLDQSOXPHPRGHOVWUHDWGHSRVLWLRQSURFHVVHVDQGFDQWUHDWVLPSOHFKHPLFDO
UHDFWLRQV\VWHPVLHILUVWRUGHUNLQHWLFVDQGVWHDG\VWDWHV\VWHPV*DXVVLDQSXIIPRGHOVFDQWUHDWPRUH
FRPSOH[FKHPLFDOO\UHDFWLQJV\VWHPV.DUDPFKDQGDQLHWDO7KLV*DXVVLDQGLVSHUVLRQDSSURDFKLV
XVHGWRGHWHUPLQHFRQFHQWUDWLRQRIORFDOLPSDFWVZKLFKDSSHDUZLWKLQNPIURPWKHVRXUFH
x /DJUDQJLDQWUDMHFWRU\PRGHOV
/DJUDQJLDQ WUDMHFWRU\ PRGHOV ZKLFK LQFOXGH *DXVVLDQ GLVSHUVLRQ PRGHOV FRQVLVWV LQ IROORZLQJ WKH
WUDMHFWRU\ RI DQ DLU PDVV DORQJ WKH PHDQ ZLQG IORZ ,Q D SDUWLFOHWUUDMHFWRU\ PRGHO WKH SDUWLFOHV DUH
DGYHFWHG DQG GLVSHUVHG DV WKH DLU PDVV PRYHV DORQJ WKH WUDMHFWRU\ E\ DGYHFWLRQ DQG SROOXWDQWV DUH
GLVSHUVHG E\ WXUEXOHQW GLIIXVLRQ/DJUDQJLDQPRGHOVZRUNZHOO ERWK IRU VWDWLRQDU\ FRQGLWLRQV RYHU IODW
WHUUDLQDQGXQVWDEOHFRQGLWLRQRYHUFRPSOH[WHUUDLQ+ROPHV,QDGGLWLRQWR*DXVVLDQPRGHOVZH
FDQPHQWLRQWKHQXPHULFDOSDUWLFOHPRGHOVDQGWKHJULGEDVHG/DJUDQJLDQPRGHOV%HFDXVHRIWKHJULGGHG
QDWXUHLWLVSRVVLEOHWRPRGHOQRQOLQHDUFKHPLVWU\DVGLVFXVVHGEHORZIRU(XOHULHDQPRGHOV
x (XOHULDQPRGHO
$Q (XOHULDQ PRGHO FRQVLGHUV DQ HOHPHQW RI YROXPH RI KRPRJHQHRXV SURSHUWLHV DLU SROOXWDQW
FRQFHQWUDWLRQPHWHRURORJLFDO YDULDEOHV DQG VWXGLHV WKH IORZRI WKRVH YDULDEOHV WKURXJK D ' JULGGHG
PHVKRIVXFKYROXPHVLHJULGFHOOV7KHDWPRVSKHUHLVGLVFUHWL]HGLQWRFHOOVDQGWKHHTXDWLRQVRIPDVV
FRQVHUYDWLRQ DUH VROYHG LWHUDWLYHO\ IRU HDFK JULG FHOO 6XFK PRGHOV WDNH DV LQSXW WKH PHWHRURORJLFDO
YDULDEOHVWKDWKDYHEHHQFDOFXODWHGSUHYLRXVO\XVLQJDPHWHRURORJLFDOPRGHOWKH\DUHW\SLFDOO\UHIHUUHGWR
DV FKHPLFDOWUDQVSRUW PRGHOV &70 $OWHUQDWLYHO\ WKH 5H\QROGVDYHUDJHG 1DYLHU6WRNHV 5$16
HTXDWLRQV RI WKH PHWHRURORJ\ PD\ EH VROYHG MRLQWO\ ZLWK WKH FKHPLFDO WUDQVSRUW HTXDWLRQV VXFK D
PRGHOLQJDSSURDFKLVUHIHUUHGWRDVRQOLQHDLUTXDOLW\PRGHOLQJ7KHRQOLQHDSSURDFKLVZHOOVXLWHGWR
WKHVWXG\RI IHHGEDFNEHWZHHQDLUTXDOLW\DQGPHWHRURORJ\DQGDLUTXDOLW\ IRUHFDVWLQJ(XOHULDQPRGHOV
FDQKDQGOHDODUJHQXPEHURIVRXUFHVDQGDUHXVHGWRVLPXODWHDLUTXDOLW\IURPWKHXUEDQVFDOHWRUHJLRQDO
FRQWLQHQWDO KHPLVSKHULF DQG JOREDO VFDOHV 2QH FODVV RI (XOHULDQ PRGHOV FRPELQHV WKH DGYDQWDJHV RI
(XOHULDQPRGHOV ODUJH GRPDLQ DQGPXOWLSOH VRXUFHV DQG /DJUDQJLDQPRGHOV ILQH UHVROXWLRQ QHDU WKH
VRXUFH WKHVHPRGHOVZKLFKDUHUHIHUUHGWRDVSOXPHLQJULGPRGHOVVLPXODWHVHOHFWHGVRXUFHVXVLQJD
/DJUDQJLDQPRGHOLPEHGGHGZLWKLQWKH'(XOHULDQPRGHOZKLFKVLPXODWHVWKHIDWHRIDOOHPLVVLRQV
x &)'
7KHPRVWFRPPRQ&)'WHFKQLTXHVDUHGLUHFWQXPHULFDOVLPXODWLRQ'16ODUJHHGG\VLPXODWLRQ/(6
DQG5$16HTXDWLRQVZLWK WXUEXOHQFHFORVXUHPRGHOV(DFK WHFKQLTXHKDQGOHV WXUEXOHQFH LQDGLIIHUHQW
PDQQHU  '16 VROYHV WKH 1DYLHU6WRNHV HTXDWLRQ ZLWKRXW DSSUR[LPDWLRQV ,W UHTXLUHV D YHU\ ILQH JULG
UHVROXWLRQ WRFDWFK WKHVPDOOHVWHGGLHV LQ WKHIORZZKLFK LVQRW UHDOLVWLF IRUHQYLURQPHQWDOVLPXODWLRQV
/(6VHSDUDWHVWXUEXOHQWPRWLRQLQWRODUJHDQGVPDOOHGGLHV5$16LVFRPSXWDWLRQDOO\PRUHHIILFLHQWDQG
LWVROYHVWKHWLPHDYHUDJHG1DYLHU6WRNHVHTXDWLRQVE\XVLQJDSSUR[LPDWLRQVWRVLPSOLI\WKHFDOFXODWLRQ
RIWXUEXOHQWIORZ5$16LVXVHIXOIRUDSSOLFDWLRQVLQDLUTXDOLW\ZKLFKDUHOLPLWHGWRORFDODSSOLFDWLRQV
VXFKDV WKH LPSDFWRID VLQJOHSROOXWLRQ VRXUFH LQFRPSOH[ WHUUDLQRU LQDEXLOW HQYLURQPHQW&KHPLFDO
WUDQVIRUPDWLRQVDUHQRZEHLQJLQFRUSRUDWHGLQWR5$1VPRGHOV
6WRUPZDWHUPRGHOV
$WPRVSKHULFSROOXWDQWVDUHLQWURGXFHGWRWKHVWRUPZDWHUUXQRIIE\WZRSURFHVVHVGU\GHSRVLWLRQXQGHU
WKH HIIHFW RI JUDYLW\ ZLQG DQG WXUEXOHQFH LQ DEVHQFH RI UDLQIDOO DQG WKH GLVVROXWLRQ RI JDVHV DQG WKH
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VFDYHQJLQJRISDUWLFOHVE\ZDWHUGURSOHWV ZHWGHSRVLWLRQ7KHVHSURFHVVHVFDQEHPRGHOHGE\VHYHUDO
DOJRULWKPV LQ DLU TXDOLW\ PRGHOV 6SRUWLVVH  'XKDQLDQ DQG 5RXVWDQ  7KHPDLQ SROOXWDQWV
WUDQVSRUWHGE\VWUHHWDQGKLJKZD\UXQRIIDUHVXVSHQGHGVROLGV663$+VDQGKHDY\PHWDOVVXFKDV3E
=Q&GDQG&X6HYHUDOK\GURORJLFDOPRGHOVDUHFRPPRQO\XVHGWRPRGHOSROOXWDQWWUDQVSRUWLQZDWHUV
7KHVHPRGHOVPD\EHFODVVLILHG LQ WHUPVRI WKHLU IXQFWLRQDOLW\DFFHVVLELOLW\ZDWHUTXDQWLW\DQGTXDOLW\
FRPSRQHQWV LQFOXGHG LQ WKHPRGHO DQG WKHLU WHPSRUDO DQG VSDWLDO VFDOHV =RSSRX  (OOLRW HW DO
'DQLHOHWDO)LUVWK\GURORJLFDOSURFHVVHVFDQEHGHVFULEHGE\GHWHUPLQLVWLFRUVWRFKDVWLF
ODZV ,Q WHUPV RI VSDWLDO GLVWULEXWLRQ K\GURORJLFDO PRGHOV DUH OXPSHG VHPLGLVWULEXWHG RU GLVWULEXWHG
PRGHO $ OXPSHG PRGHO LV EDVHG RQ VSDWLDO DYHUDJLQJ RI WKH LQSXW SDUDPHWHUV RYHU WKH FDWFKPHQW
7KHUHIRUHWKHVHPRGHOVDUHIXQFWLRQRQO\RIWLPHZLWKRXWFRQVLGHUDWLRQRIYDULDWLRQWKHFDWFKPHQW6HPL
GLVWULEXWHGPRGHOV WDNH LQWR DFFRXQW RI WKH VSDWLDO DYHUDJH IRU HDFK VXEFDWFKPHQWZKHUHDV GLVWULEXWHG
PRGHOVLQFOXGHIXOOVSDWLDODQGWHPSRUDOYDULDELOLW\7KHVHGLIIHUHQWPRGHOVKDYHGLIIHUHQWDLPVLQWHUPRI
WHPSRUDOVFDOHVDQGGHWDLORIPRGHORXWSXWVGLVWULEXWHGPRGHOVDUHPRVWO\XVHGWRPRGHOLQGLYLGXDOVWRUP
HYHQWV DW WKH LQWUDHYHQW VFDOH DQG OXPSHG PRGHOV WR VLPXODWH RYHU ORQJ SHULRGV DQQXDO VFDOH 7KH
GHWHUPLQLVW PRGHOV RI VWRUPZDWHU TXDQWLW\ FDQ EH FODVVLILHG DV HLWKHU K\GURORJLF VXUIDFH ZDWHU RU
K\GUDXOLFIORZVWKURXJKFKDQQHOVPRGHOVZKLFKFDQEHPRGHOHGZLWKVKDOORZZDWHUZDYHHTXDWLRQRU
VLPSOLILHG YHUVLRQ NLQHPDWLF GLIIXVLRQ ZDYH HTXDWLRQ ,Q GHWHUPLQLVW PRGHOV WKH WUDQVSRUW DQG
WUDQVIRUPDWLRQRISROOXWDQWVDUHPRGHOHGE\XVLQJDQDGYHFWLRQGLIIXVLRQHTXDWLRQDQGWKHFRQVHUYDWLRQ
RIPDVVFRXSOHGWRGLIIHUHQWUHDFWLRQUDWHVLQYROYLQJWKHSROOXWDQWVLQGLIIHUHQWIRUPVSDUWLFOHVFROORLGV
GLVVROYHG PDWWHU 'XH WR WKH UDSLG UHVSRQVH RI DQ XUEDQ FDWFKPHQW WKH WUDQVSRUW RI FRQWDPLQDQWV E\
GLIIXVLRQ LVQHJOLJLEOHFRPSDUHG WR WKH LQIOXHQFHRIDGYHFWLRQ7KHPRVWZHOONQRZQPRGHOV IRU UXQRII
VLPXODWLRQDUH6:00+63)75(;DQGFRPPHUFLDOPRGHOVVXFKDV0,.(6:000286(7KHVH
PRGHOVPD\XVHLQSXWVIURPDQDLUTXDOLW\PRGHOVLPXODWLQJSROOXWDQWORDGVRQWKHFDWFKPHQW
0RGHO,QWHJUDWLRQ
$ UHDOLVWLF PRGHOLQJ RI WKH EHKDYLRU RI DWPRVSKHULF
SROOXWDQWV UHTXLUHV WUDIILF HPLVVLRQDLUTXDOLW\DQGZDWHU
TXDOLW\ PRGHOV 7KH PDLQ EXLOGLQJ EORFNV RI VXFK D
VLPXODWLRQ IUDPHZRUN DUH  WKH PRGHOV DQG  WKH
LQWHUIDFHVIURPWKHRXWSXWIURPDPRGHOWRWKHLQSXWWRWKH
QH[W PRGHO )LJ ([DPSOHV RI IUDPHZRUNV WR OLQN
H[LVWLQJ WUDIILF IORZ HPLVVLRQ DQG DLU TXDOLW\ WRROV DUH
GHVFULEHG E\ /LP  6FKPLGW  :H IRFXV
EHORZRQWKHLQWHUIDFHVEHWZHHQWKHYDULRXVPRGHOV
0RGHOVLQWHJUDWLQJWUDIILFDQGHPLVVLRQ
7KH IDFWRUV UHOHYDQW WR WKH HVWLPDWLRQ RI YHKLFOH HPLVVLRQV DUH WKH YHKLFOH RSHUDWLRQ HJ VSHHG
DFFHOHUDWLRQHQJLQHORDGWKHWUDIILFIORZDQGWKHURDGDQGYHKLFOHFKDUDFWHULVWLFV7KHVHSDUDPHWHUVFDQ
EHGHILQHGE\WUDIILFPRGHOVVRDQDSSURSULDWHFRXSOLQJLVH[DPLQHGKHUHWROLQNWKHLQSXWUHTXLUHPHQWV
RIHPLVVLRQPRGHOVZLWK WKHRXWSXWVRI WUDIILFPRGHOV$ WUDIILFPRGHOPXVWEHFKRVHQDFFRUGLQJ WR LWV
FDSDFLW\WRSURGXFHDVLQSXWVRIWKHHPLVVLRQPRGHOURDGW\SHDQGJUDGLHQWYHKLFOHFDWHJRU\NLQHPDWLF
SDUDPHWHUV7KHYDULHW\RIPRGHOVFDQEHSUHVHQWHGDFFRUGLQJWRIRXUW\SHV
x 6WDWLFWUDIILFPRGHOVDQGDJJUHJDWHGHPLVVLRQPRGHOVPDFURVFRSLF
0DFURVFRSLFHPLVVLRQPRGHOVPRGHOVEDVHGRQWKHFRQVXPSWLRQRIIXHODJJUHJDWHGHPLVVLRQIDFWRUDQG
DYHUDJH VSHHG DUH VXSSOLHG E\ D VWDWLF WUDIILF PRGHO RU DQ DJJUHJDWHG G\QDPLF PRGHO 6WDWLF PRGHOV
VLPSO\ FDOFXODWH WKH WUDIILF YROXPH WKDW SURYLGHV WKH QXPEHU RI YHKLFOHV QHHGHG E\ HPLVVLRQ PRGHOV
EDVHGRQWKHFRQVXPSWLRQRIIXHODQGDJJUHJDWHGHPLVVLRQIDFWRUV$YHUDJHVSHHGHPLVVLRQPRGHOVVXFK
)LJ6FKHPDWLFUHSUHVHQWDWLRQRIWKHPRGHOOLQJFKDLQ
HOOLSVHVZLWKLQSXWDQGRXWSXWGDWDER[HV
1800   Masoud Fallahshorshani et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1794 – 1804 
DV&RSHUW+%()$DQG02%,/(FDQEHFRXSOHGZLWKDJJUHJDWHGG\QDPLFPRGHORI WUDIILFZKLFKDUH
DEOHWRJHWWKHDYHUDJHVSHHGRUGHJUHHRIFRQJHVWLRQ0DFURVFRSLFWUDIILFIORZDQGHPLVVLRQPRGHOVDUH
XVHGIRUODUJHURDGQHWZRUNV7KHUHKDVEHHQDODUJHQXPEHURIVWXGLHVWKDWKDYHLQWHJUDWHGPDFURVFRSLF
WUDIILFIORZDQGH[KDXVWHPLVVLRQ6FKPLGW7(006SURMHFW1DPGHR7KHVHFRXSOLQJGR
QRW SURYLGH D JRRG GLVWLQFWLRQ IRU WKH HVWLPDWLRQ RI GLIIHUHQW YHKLFOH W\SHV EXW LW SURYLGHV ORQJUXQ
HVWLPDWHVRIYHKLFOHHPLVVLRQVIRUODUJHVFDOHWKDWLVQRWHDV\WRFDOFXODWHZLWKPRUHGHWDLOHGPRGHOV
x 0DFURVFRSLFWUDIILFPRGHOVDQGPLFURVFRSLFHPLVVLRQPRGHOVPHVRVFRSLF
(PLVVLRQV FDQ EH PRGHOHG PRUH DFFXUDWHO\ ZLWK ERWK YHKLFOH VSHHG DQG DFFHOHUDWLRQ DV LQSXWV
0DFURVFRSLF WUDIILF PRGHOV GR QRW SURYLGH WKH DFFHOHUDWLRQ DV PLFURVFRSLF PRGHOV GR +RZHYHU
PLFURVFRSLF WUDIILF PRGHOV QHHG ODUJH LQSXWV DQG FRPSXWDWLRQ WLPHV IRU D ODUJH QHWZRUN :H DUH
LQWHUHVWHGLQILQGLQJDZD\WRLQWHJUDWHPDFURVFRSLFWUDIILFPRGHOVZLWKLQVWDQWDQHRXVHPLVVLRQPRGHOVVR
WKDW WKHPDFURVFRSLFYDULDEOHVFDQEHXVHG WRSURGXFHHVWLPDWHVRI WKH LQVWDQWDQHRXVHPLVVLRQRQ ODUJH
VFDOHV&DSSLHOORSURSRVHVDFRPELQDWLRQRIDSUREDELOLVWLFDFFHOHUDWLRQDSSURDFKDQGDG\QDPLF
HPLVVLRQ PRGHO (0,7 7KH SURSRVHG PRGHO XVHV UDQGRP YDULDEOHV GLVWULEXWHG DFFRUGLQJ WR VRPH
NQRZQGLVWULEXWLRQIRUDJLYHQVSHHGUDQJHDQGRWKHUSDUDPHWHUV
$QRWKHU VWXG\ RI =HJH\H  SURSRVHV LQWHJUDWLQJ WKHPDFURVFRSLF WUDIILF IORZPRGHO0(7$1(7
DQG WKHPLFURVFRSLF HPLVVLRQ97PLFUR0(7$1(7 LV DPDFURVFRSLF WUDIILFPRGHO WKDW GHVFULEHV WKH
DYHUDJHEHKDYLRURIYHKLFOHVLQWRDQXPEHURIVHJPHQWVE\DV\VWHPRIGLVFUHWHWLPHG\QDPLFHTXDWLRQV
6LQFH0(7$1(7LVGLVFUHWHLQERWKVSDFHDQGWLPHWKHUHDUHWZRDFFHOHUDWLRQV³WHPSRUDO´DQG³VSDWLDO´
7KHWHPSRUDODQGVSDWLDODFFHOHUDWLRQRIYHKLFOHLQDVHJPHQWLVJLYHQE\VSHHGYDULDWLRQ7KHVHVSDWLDO
DQG WHPSRUDO VSHHGDFFHOHUDWLRQSDLUVGHWHUPLQH WKH VSDWLDO DQG WHPSRUDOHPLVVLRQXVLQJ WKH97PLFUR
PRGHO 7KH FRPELQDWLRQ RI HPLVVLRQV DQG QXPEHU RI YHKLFOHV JLYHV WKH WRWDO HPLVVLRQV 7KH PRUH
LPSRUWDQW IDFWRUV OLNH YHKLFOH FDWHJRU\ QHHGHG LQ HPLVVLRQ PRGHOV DUH QRW DYDLODEOH LQ PDFURVFRSLF
WUDIILF PRGHOV 7KHUHIRUH WKH DSSOLFDELOLW\ RI WKLV DSSURDFK LV OLPLWHG WR FDVHV ZKHUH YHKLFOHV KDYH
KRPRJHQRXVFKDUDFWHULVWLFVZLWKWKHVDPHVSHHGUDQJH
x 0LFURVFRSLFWUDIILFPRGHOVDQGPDFURVFRSLFHPLVVLRQPRGHOVPHVRVFRSLF
7KHSDUDPHWHUVRIPDFURVFRSLFHPLVVLRQDYHUDJHVSHHGDQGWUDIILFVLWXDWLRQFDQEHSUHFLVHO\HVWLPDWHG
E\PLFURVFRSLFWUDIILFPRGHOVEXWPD\UHTXLUHODUJHFRPSXWDWLRQWLPHVIRUDODUJHVFDOHQHWZRUN7RJHWD
EDODQFHG WUDGHRIIEHWZHHQFRPSXWDWLRQDOEXUGHQDQGDFFXUDF\RQHPD\ZDQW WRFRPELQHPLFURVFRSLF
WUDIILF PRGHOV ZLWK PDFURVFRSLF HPLVVLRQ PRGHOV 2WKHUZLVH LQ WKH PDMRULW\ RI VWXGLHV WKH UDQJH RI
SROOXWDQWVLVOLPLWHGEXWWKHLQWHUHVWRIWKLVFRXSOLQJLVWKHDELOLW\WRVLPXODWHDODUJHQXPEHURISROOXWDQWV
EHFDXVHPDFURVFRSLFHPLVVLRQPRGHOVKDYHDPRUHFRPSOHWHGDWDEDVHFRPSDUHGWRLQVWDQWDQHRXVPRGHOV
$ VWXG\ &KDQXW HW DO KDYHEHHQ FRQGXFWHG WR FRPSDUHGLIIHUHQWPDFURVFRSLF DQGPLFURVFRSLF
HPLVVLRQPRGHOV,03$&7$57(0,6(0,7FRXSOHGZLWKDPLFURVFRSLFWUDIILFPRGHO$,0681
x 0LFURVFRSLFWUDIILFIORZVLPXODWLRQDQGLQVWDQWDQHRXVHPLVVLRQPRGHOV0LFURVFRSLF
(PLVVLRQ UDWHV IRU YHKLFOH RSHUDWLRQ GXULQJ D VHULHV RI VKRUW WLPH VWHSV FDQ EH SUHGLFWHG E\ FRXSOLQJ
PLFURVFRSLFWUDIILFPRGHOVZLWKLQVWDQWDQHRXVHPLVVLRQPRGHOV(VVHQWLDODGYDQWDJHVDUHWKHSUHGLFWLRQRI
LQGLYLGXDOYHKLFOHHPLVVLRQEHKDYLRULQUHDOWLPHDQGFRQVLGHUVXEPRGHOVWUDIILFRIGULYHUEHKDYLRU7KH
GUDZEDFNRIWKLVW\SHRIFRXSOLQJLV WKHUHTXLUHPHQWWKDWGHWDLOHGLQSXWGDWD IRULQVWDQWDQHRXVHPLVVLRQ
PRGHOV LV QRW XVXDOO\ SURYLGHG E\ PLFURVFRSLF WUDIILF PRGHOV YHKLFOH RSHUDWLRQ :H SUHVHQW EHORZ
VHYHUDOVWXGLHVLQZKLFKDPLFURVFRSLFWUDIILFPRGHOKDVEHHQFRPELQHGZLWKDQLQVWDQWDQHRXVPRGHO
9,66,03+(0&0(0 3+(0 FDOFXODWHV WKH HPLVVLRQ RI URDG YHKLFOHV LQ  +] IRU D JLYHQ GULYLQJ
F\FOHEDVHGRQWKHHPLVVLRQPDSV=DOOLQJHUHWDO7KHWUDIILFIORZPRGHOLQ9,66,0LVDGLVFUHWH
VWRFKDVWLFWLPHVWHSEDVHGPLFURVFRSLFPRGHOZLWKDSV\FKRSK\VLFDOFDUIROORZLQJPRGHO%RWKPRGHOV
RSHUDWHRQVLQJOHYHKLFOHHQJLQHGDWDDQGLQUHDOWLPH3+(0WDNHVWLPHVSHHGDQGYHKLFOHFKDUDFWHULVWLFV
RI HYHU\ VLQJOH YHKLFOHZLWK RWKHU LQIRUPDWLRQGHILQLQJ YHKLFOH ORFDWLRQE\9,66,0DQG FDOFXODWHV WKH
HPLVVLRQRIHDFKYHKLFOH7KHLQWHJUDWHG9,66,0&0(0ZDVGHYHORSHGE\1DPHWDO&KHYDOOLHU
1RODQGDQG4XGGXV&KHQDQG<X6WHYDQRYLFZKLFKFRQYHUW WKHRXWSXW
9,66,0 ILOH LQWR WKH UHTXLUHG LQSXW ILOH IRU WKH&0(0DQG 86YHKLFOHV HPLVVLRQ VWDQGDUGV LQWR(8
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9,66,0 LV FXUUHQWO\ WKH PRVW ZLGHO\ XVHG SDFNDJH %HVLGH WKLV PRGHO 3$5$0,&6 $,0681
'5$&8/$ KDYH EHHQ XVHG 5HFHQWO\ QHZ PLFURVFRSLF PRGHOV 6\PXYLD GHYHORSHG WR SURYLGH
SRVLWLRQYHORFLW\DQGDFFHOHUDWLRQRIHDFKYHKLFOHRQWKHQHWZRUNDWDQ\VLPXODWLRQWLPH:LWKUHVSHFWWR
VWDUW DFFHOHUDWLRQ OLQH FKDQJLQJ YHKLFOHV LQWHUDFWLRQ FRQVLGHUDWLRQ RI FKDQJHV LQSXWV RYHU WLPH WKDW
UHSUHVHQW WUDIILF LQ WKH IRUP RI IORZ 2WKHUV VLPLODU OLQNLQJ VWXGLHV DUH GRQH E\ %DUWK HW DO E
3$5$0,&6&0(0/LQHWDO'\QXVW029(6
/LQNVEHWZHHQHPLVVLRQPRGHOVDQGDWPRVSKHULFPRGHOV
8QGHUVWDQGLQJYHKLFOHWUDIILFIORZDQGLQGXFHGHPLVVLRQDORQHLVQRWVXIILFLHQWWRSUHGLFWWKHSUREOHPRI
DLUSROOXWLRQLQDQXUEDQDUHDKHQFHDQDLUSROOXWDQWGLVSHUVLRQPRGHOLVQHHGHGWRSUHGLFWWKHWHPSRUDO
DQG VSDWLDO YDULDWLRQRI XUEDQ DLU TXDOLW\7KHPDMRU LQSXW GDWDQHFHVVDU\ IRU WKH DLU TXDOLW\PRGHO DUH
VSDWLDOO\GLVWULEXWHG DQG WHPSRUDOO\UHVROYHG HPLVVLRQV SURYLGHG E\ WKH HPLVVLRQ PRGHO DQG
PHWHRURORJLFDO LQSXWV ,W LV DOVR XVHIXO WR KDYH LQSXW GDWD IURP WKH WUDIILF PRGHO IRU VRPH GLVSHUVLRQ
PRGHOVFDSDEOHRIPRGHOLQJWUDIILFLQGXFHGWXUEXOHQFH7KHHPLVVLRQVLQYHQWRU\PXVWEHFRPSDWLEOHZLWK
WKHGLVSHUVLRQPRGHO WRIDFLOLWDWHGDWDWUDQVIHUEHWZHHQWKHWZR/LP,QWKHFDVHRI(XOHULDQDLU
TXDOLW\PRGHOV WKHHPLVVLRQVPXVWEHGHILQHGIRUWKH'JULGPHVKDQGIRUHDFKSROOXWDQW,QWKHPRVW
FRPPRQO\XVHGPRGHOV*DXVVLDQDQG&)'URDGVDUHFRQVLGHUHGDVOLQHRUHORQJDWHGVXUIDFHVRXUFHV
DQGHPLVVLRQVLQGXFHGE\YHKLFOHVDUHHVWLPDWHGLQGLYLGXDOO\IRUHDFKURDGVHJPHQW7\SLFDOO\LQSXWDQG
RXWSXWIUHTXHQFLHVRI*DXVVLDQDQG(XOHULDQPRGHOVDUHKZLWKDUHFHSWRUUHVROXWLRQRUJULGVL]HUDQJLQJ
IURPDIHZPHWHUVIRU*DXVVLDQPRGHOVWRRUDIHZNPIRU(XOHULDQPRGHOV7KHUHLVDQHHGWRKDYHDQ
RXWSXW IUHTXHQF\ OHVV WKDQKHJRQ WKHRUGHURIPLQ LQRUGHU WREHFRQVLVWHQWZLWK LQVWDQWDQHRXV
HPLVVLRQPRGHOV2QHSUREOHPZLWKWKHLQWHJUDWLRQRIWKHHPLVVLRQPRGHOVZLWKDLUTXDOLW\PRGHOVLVWKH
WLPHVFDOHVLQYROYHGEHFDXVHVRPHRIWKHDOJRULWKPVDUHQRWFXUUHQWO\YDOLGIRUVKRUWWLPHVFDOHV
/LQNVEHWZHHQDWPRVSKHULFPRGHOVDQGVXUIDFHZDWHUUXQRIIPRGHOV
$FRXSOLQJEHWZHHQDLUTXDOLW\DQGVWRUPZDWHUPRGHOVPXVWEHXVHGWRKHOSSUHGLFWWKHLPSDFWRIFKDQJHV
LQDWPRVSKHULFHPLVVLRQVRQZDWHUTXDOLW\,QIDFWWKHHYDOXDWLRQRIWKHWUDIILFLPSDFWRQUXQRIILVRIWHQ
EDVHGRQPHDVXUHPHQWVRISROOXWDQWFRQFHQWUDWLRQVLQDLUZDWHUDQGUDLQDQGRWKHUPHWHRURORJLFDOILHOGV
+RZHYHU WKLVPHWKRG LVQRWDEOH WRHYDOXDWH WKH LPSDFWRIDQ LQKRPRJHQHRXVGLVSHUVLRQRISROOXWDQWV
0RGHOOHG RXWSXWV IURP DLU TXDOLW\ PRGHOV PD\ EH XVHG DV GDWD LQSXWV WR VWRUPZDWHU PRGHOV 6HYHUDO
VWXGLHV FRXSOLQJ DLU DQGZDWHUVKHGPRGHOV DW WKH UHJLRQDO VFDOH DOUHDG\ H[LVW 9LMD\DUDJKDYDQ 
6FKZHGH  7KHVH PRGHOV UHDG D SURFHVVHG JULGGHG RXWSXW RI DWPRVSKHULF GHSRVLWLRQ IURP DLU
TXDOLW\PRGHOVDQGFDOFXODWHDYHUDJHSHUXQLWDUHD0RVWRIWKHZRUNFRQGXFWHGVRIDURQWKHFRXSOLQJRI
DWPRVSKHULFPRGHOV DQG VXUIDFHZDWHUPRGHOVZDVGRQH DW UHJLRQDO VFDOHV IRU ORQJ WLPHSHULRG6RPH
ZRUN KDV EHHQ SHUIRUPHG DW WKH XUEDQ VFDOH EXW VXFK ZRUN KDV W\SLFDOO\ LQYROYHG PRGHOV VHSDUDWHO\
WUDQVIHUULQJ WKHRXWSXW IURPRQHPRGHO WR WKHQH[W LQDQ DGKRF IDVKLRQ+RZHYHUSUHYLRXVZRUN)RU
H[DPSOH %XULDQ HW DO  DGGUHVVHG DQQXDO RU VHDVRQDO EXGJHWV RI DWPRVSKHULF SROOXWDQW ORDGLQJV
UDWKHU WKDQ WKH G\QDPLFV RI PXOWLPHGLD SROOXWDQW WUDQVIHU ZKLFK LV RI LQWHUHVW LQ XUEDQ DSSOLFDWLRQV
7KHUHIRUH WKHUHLVDUHDOQHHGIRUWKHGHYHORSPHQWRIDPRGHOLQJFKDLQWKDWFDQDGGUHVVERWKXUEDQDLU
DQGZDWHUTXDOLW\SUREOHPVLQDQLQWHJUDWHGIDVKLRQLQG\QDPLFIDVKLRQ+RZHYHUWKHHYDOXDWLRQRIWKLV
QHZPRGHOLQJFKDLQZLWKREVHUYDWLRQVQHHGVWRGLVWLQJXLVKEHWZHHQSROOXWDQWVOLQNHGWRWUDIILFHPLVVLRQV
DQGRWKHUSROOXWDQWVRXUFHVLQXUEDQDUHDV
)XWXUHGLUHFWLRQLQPRGHOOLQJ
$PDMRU DLPRI RXU IXWXUHZRUN LV WR VLPXODWH WKH HQYLURQPHQWDO LPSDFWV RI WUDIILF DW WKH ORFDO XUEDQ
VFDOH7KHILUVWVWHSLVWRGHWHUPLQHWKHPRVWDSSURSULDWHWRROVZKLFKDUHDVIROORZV
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x 7UDIILFPRGHO 6WDWLFPRGHOV FRQVLGHU D XQLIRUP IORZ DQG FRQVWDQW VSHHG RYHU ORQJ WLPH SHULRGV
GD\\HDU7KHVHPRGHOVDUHQRWDEOHWRUHSUHVHQWWKHG\QDPLFSKHQRPHQDRFFXUULQJLQWKHWUDIILF
IORZ7KHPLFURVFRSLFG\QDPLFFDUIROORZLQJPRGHOVUHTXLUHPDQ\SDUDPHWHUVZKRVHYDOXHVDUH
FDOFXODWHGDFFRUGLQJWRSUREDELOLW\GLVWULEXWLRQVLQWKHIORZVXFKPRGHOVDUHGDWDDQGFRPSXWDWLRQ
GHPDQGLQJ8QOLNH WKHVHPRGHOV WKHPLFURVFRSLFPRGHOV ZLWKPDFURVFRSLF ODZPRGHOV DUHZHOO
VXLWHG IRU D G\QDPLF UHSUHVHQWDWLRQRI XUEDQ WUDIILFZLWKPDQDJHDEOHGDWDQHHGV:HZLOO XVH WKH
6\PXYLDPRGHOZKLFKLVSDUWRIWKLVODWWHUFDWHJRU\x (PLVVLRQPRGHO7KHH[KDXVWHPLVVLRQVFDQEHHVWLPDWHGPRUHDFFXUDWHO\E\LQVWDQWDQHRXVPRGHOV
EXW IRU D OLPLWHG QXPEHU RI SROOXWDQWV )RU FRQVLGHUDWLRQ RI D ODUJH QXPEHU RI SROOXWDQWV DQG
SKHQRPHQDIXHOHYDSRUDWLRQDQGQRQH[KDXVWSDUWLFOHVZHPXVWXVHDJJUHJDWHGHPLVVLRQPRGHOV
7KHUHIRUHZHZLOOXVH3+(0DQLQVWDQWDQHRXVPRGHOIRUH[KDXVWHPLVVLRQVDQG$57(0,6DQGRU
&23(57IRUQRQH[KDXVWHPLVVLRQVx $LUTXDOLW\PRGHO7KHPRGHOVXVHGWRFDOFXODWHWKHGLVSHUVLRQRIYHKLFOHHPLVVLRQVDWORFDOVFDOHV
DUH*DXVVLDQPRGHOV,QRUGHUWRDFFRXQWDOVRIRUWKHXUEDQEDFNJURXQGZKLFKLVHVVHQWLDOIRUZHW
GHSRVLWLRQZHZLOOXVHDSOXPHLQJULGPRGHOZKLFKFRPELQHVDQ(XOHULDQPRGHODQGDQLPEHGGHG
OLQHVRXUFH*DXVVLDQPRGHOx 6WRUPZDWHU PRGHO 7KH ZDWHU TXDOLW\ FDQ EH PRGHOHG HLWKHU E\ D TXDOLW\ DQG TXDQWLW\ PRGHO DV
6:00RUE\D0XOWLK\GURPRGHO(O7DEDFKZKLFKLQFOXGHVWKH75(;PRGHOIRUVXUIDFH
ZDWHUIORZVSK\VLFDOO\EDVHGGLVWULEXWHGPRGHODQG6:00IRUWKHXUEDQQHWZRUN
7KHFKDOOHQJHVDVVRFLDWHGZLWKPRGHOOLQJWKHHQYLURQPHQWDOLPSDFWVRIWUDIILFDUHDVIROORZVWUDIILFLV
XELTXLWRXVDQGLQFOXGHVKHDY\WUDIILFIORZRQPDMRUURDGZD\VZLWKWUDIILFGLVWULEXWHGRYHUVXUIDFHVWUHHWV
WUDIILFYDULHVWHPSRUDOO\DQGDGLVWXUEDQFHLQRQHORFDWLRQFDQEHUHIOHFWHGLQWKHWUDIILFRYHUDODUJH
DUHDDYHKLFOHIOHHWFRPSRVLWLRQGHILQHGDVVWRFKDVWLFLVIDUIURPWKHUHDOLW\DFFXUDWHLQVWDQWDQHRXV
HPLVVLRQPRGHOVDUHOLPLWHGWRFHUWDLQSROOXWDQWVRIH[KDXVWHPLVVLRQHPLVVLRQDSSURDFKHVDUHEDVHG
RQ VWHDG\VWDWH HPLVVLRQV DQG LJQRUH WUDQVLHQW YHKLFOH RSHUDWLRQ  GLVSHUVLRQ LQ XUEDQ DUHDV LV
FRPSOLFDWHGE\WKHDHURG\QDPLFHIIHFWRIVWUHHWJHRPHWU\DQGWUDIILFWXUEXOHQFHDLUTXDOLW\LPSDFWVRI
WUDIILF LQFOXGHD ORFDOFRPSRQHQWDVZHOO DVDQXUEDQEDFNJURXQGFRPSRQHQWZKLFKGLIIHU LQ WHUPVRI
SROOXWDQWVWHPSRUDODQGVSDWLDOVFDOHVZDWHUTXDOLW\LPSDFWVRIWUDIILFLQFOXGHDORFDOFRPSRQHQWIURP
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([LVWLQJPRGHOVZLOOWKHUHIRUHQHHGWREHLPSURYHGDQGDGDSWHGWRDGGUHVVDOOWKHVHLVVXHV
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FODVVLILFDWLRQZDVFRQGXFWHG WR IDFLOLWDWH WKH VHOHFWLRQRI WKHPRVWDSSURSULDWHPRGHOV WREHFRXSOHG LQ
RUGHU WR FRQVWUXFW DQ LQWHJUDWHG DQG HIILFLHQW PRGHOLQJ V\VWHP:H KDYH XQGHUOLQHG WKH VWUHQJWKV DQG
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WKDWPRVWDYDLODEOHPRGHOVDUHEDVHGRQDYHUDJHLQSXWGDWD7KHVHDYHUDJHEDVHGPRGHOVKDYHDOLPLWHG
HIILFLHQF\IRUPDQ\SDUWLFXODUSUREOHPV7KHXVHRIG\QDPLFPRGHOVLVSUHIHUUHGLQWKRVHDSSOLFDWLRQVDQG
WKHLU XVH LV IHDVLEOH ZLWK WRGD\¶V FRPSXWLQJ UHVRXUFHV )RU LQVWDQFH DW ORFDO VFDOHV VFDOH RI D
QHLJKERUKRRGWKHWUDIILFFDQEHPRGHOHGE\DPLFURVFRSLFPRGHOVXFKDV6<089,$WKHLQVWDQWDQHRXV
HPLVVLRQE\3+(0IRUH[KDXVWHPLVVLRQVWKHDLUTXDOLW\E\WKHSOXPHLQJULGPRGHORI3RO\SKHPXVDQG
WKHZDWHUTXDOLW\E\0XOWL+\GUR6:0075(;ZKLFKDUHDOOEDVHGRQG\QDPLFLQSXWGDWD
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